Objective: This study was performed to examine the working memory (WM) encoding and retrieval abilities in patients with major depressive disorder (MDD) and determine whether a mood-congruent memory effect is present. Methods: The modified Sternberg WM paradigm with positive, negative, and neutral emotional pictures was used to investigate the WM abilities of 26 patients with MDD and 26 healthy controls (HCs).
Introduction
At present, the study of depression focuses largely on emotional processing, but patients with depression may have disorders of other cognitive functions such as attention, memory, and executive function. [1] [2] [3] Many studies have shown that patients with depression not only have emotional disorders but may also have associated cognitive impairment, [4] [5] [6] [7] which manifests as functional damage of executive function, language, and working memory (WM). [8] [9] [10] [11] [12] WM is a system that provides temporary information storage and limited processing for cognitive information processing; it is also the basis of many cognitive functions such as speech comprehension, reasoning, problem solving, and learning. 13 Imaging studies have shown that executive dysfunction of the prefrontal cortex can decrease the WM ability of patients with major depressive disorder (MDD) 14 as shown by an increased WM error rate and prolonged response time. 15 Schatzberg et al. 16 found that patients with depression had significantly impaired attention and word memory; however, a study of word memory by Fossati et al. 17 showed that patients with depression had normal recall and recognition but impaired free recall. Harvey et al. 5 used the n-back WM paradigm to study word memory and found that the accuracy of memory was lower and the response time was significantly longer in patients with depression than in healthy controls (HCs). Likewise, Rose and Ebmeier 18 performed a symbolic n-back experimental paradigm study and found that the accuracy of memory was lower and the response time was significantly longer in patients with depression than in HCs. In a study of spatial WM, Lavric et al. 19 used tasks of word n-back WM and spatial n-back WM and found that negative emotion had no effect on word memory; it only affected the spatial WM. Li et al. 20 also showed that negative emotion had no effect on the word memory task; it only affected spatial WM, causing a decline in spatial WM retention ability. However, other studies have shown that both word and spatial WM are impaired in patients with MDD. 21 Taken together, the results of these studies suggest that there is still no agreement on whether the WM of patients with depression is impaired.
The mood-congruent memory effect refers to the concept that emotional information that is consistent with the current emotional state is easier to remember. [21] [22] [23] In a study on the mood-congruent memory effect performed by inducing different emotions in the study subjects, those subjects with negative states had more accurate memory than those with positive states 24 ; that is, people who are in a negative state more easily remember negative information. 25 An important feature of patients with depression is persistent dysthymia and a chronically negative state. One study showed that compared with HCs, patients with depression more frequently remembered the negative stimulus material that was consistent with their negative mood and less frequently remembered the positive stimulus material that was not consistent with their mood. 26 The results of a meta-analysis showed that compared with the control group, patients with depressive disorders were more likely to remember the negative stimulus consistent with their negative moods but were less likely to remember the positive stimulus inconsistent with their moods. 27 Our previous studies on emotional picture WM in patients with mild depression demonstrated that the memory accuracy of negative pictures was significantly higher than that of positive pictures and that the memory accuracy of the position of negative pictures was also significantly higher than that of the position of positive pictures, demonstrating the existence of the mood-congruency effect. 28 The enhancement of memory of negative material that is consistent with mood and the impairment of memory of positive material that is inconsistent with mood may be a manifestation of cognitive control in patients with depression. 29, 30 In our study, we not only investigated the difference in WM between the MDD and HC groups but also investigated whether the MDD group exhibited a mood-congruent WM effect. 28 WM also involves cognitive activities including memory encoding, preservation, and retrieval. 31 However, not enough research on the WM ability in patients with MDD has yet been performed, and few studies on both emotional picture WM and spatial WM have been carried out. The Sternberg paradigm is a classic experimental paradigm used in WM studies and serves as an experimental scheme for studying human short-term memory 32 (called the Sternberg experiment or the Sternberg WM experiment by later researchers). In the present study, we used an improved Sternberg WM paradigm and pictures that readily induce emotions in patients with MDD and HCs to examine the object and spatial WM in patients with MDD.
Based on the findings of previous studies, we put forward the following hypotheses. First, the WM ability is impaired in patients with MDD, which would be shown in this study by significantly lower memory accuracy and a longer reaction time during both picture and position WM in patients with MDD than in HCs. Second, patients with MDD have a mood-congruent WM effect, which would be shown in this study by significantly higher memory accuracy of negative pictures and their positions than that of positive pictures and their positions.
Materials and methods

Ethics statement
All subjects provided signed informed consent to participate in this study. The study was approved by the Ethics Committee of Beijing Anding Hospital, Capital Medical University, China.
Subjects
Equal numbers of patients with MDD and HCs matched for age, sex, and years of education were included in this study. The subjects in the MDD group were outpatients who first visited the Anding Hospital of Capital Medical University, and those in the HC group were recruited by poster advertisements. Patients with depression were assessed using the Mini-International Neuropsychiatric Interview (MINI) and the fourth edition of the Diagnostic and Statistical Manual of Mental Disorders (DSM-IV). Patients diagnosed with depression were also required to complete the 17-item Hamilton Depression Rating Scale (HAM-D) and Beck Depression Inventory (BDI). The inclusion criteria for the MDD group were as follows: age of 18 to 60 years, right-handedness, having met the DSM-IV diagnostic criteria for depression, a diagnosis of MDD according to an HAM-D score of !18 and BDI score of !14, not taking any antidepressant drugs and no history of antidepressant treatment within 2 weeks of entering the group, no color blindness or other eye disease, normal or corrected-tonormal vision, and ability to finish the experiment. The exclusion criteria were as follows: DSM-IV diagnosis of a schizoaffective mental disorder, bipolar disorder, intellectual disability, dysmnesia, or other cognitive disorder; serious anxiety symptoms or panic attacks; suicidal ideation or attempted suicide; a history of epilepsy or febrile convulsions, cranial trauma, or severe unstable somatic disease; a diagnosis of diabetes, thyroid disease, hypertension, heart disease, or other systemic disease; and mental disorders caused by substance abuse (alcohol, drugs, etc.).
The inclusion criteria for the HC group were as follows: age range of 18 to 60 years, right-handedness, not taking any drugs that affect the functioning of the nervous system, no history of depression or other psychiatric disorders, no alcohol or other substance dependence, no color blindness or other eye disease, normal vision or corrected vision, and BDI score of <4.
Experimental materials
Three types of positive, neutral, and negative pictures among a total of 60 images were used in our experiment. 
Experimental paradigm and experimental procedure
An improved Sternberg WM paradigm was used in this study. The traditional Sternberg experimental paradigm uses letters or numbers to detect non-spatial WM. In this study, we used emotional pictures instead of letters or numbers to test non-spatial WM and simultaneously examined the effects of the types of emotional pictures on WM; we also added a picture position target to detect the spatial WM. Each cue in the experiment involved four pictures of the same type (i.e., four positive, four negative, or four neutral), and the four pictures corresponded to four different positions (upper left, upper right, lower left, and lower right). To balance the position of the pictures, we used a pseudo-random presentation order. Thus, three types of picture cues were used in the experiment: positive, negative, and neutral. The type of target stimulus was the same as the cue. Two types of target stimuli were used: a picture target in the center of the screen and a picture location target that appeared in a certain position.
The experimental procedure is shown in Figure 1 . First, a "þ" symbol appeared in the center of the screen for 0.5 seconds, indicating that the cues would appear immediately. The screen then presented a group (four pictures, located at the upper left, upper right, lower left, and lower right) of emotional pictures (positive, negative, or neutral) as a prompt, and this group of pictures disappeared after 10 seconds. An asterisk ("*") was then shown in place of each disappeared emotional image for 5 seconds. When the asterisk had disappeared, a picture of the emotional target was displayed in the center of the screen, and the participant's task was to determine whether the picture had appeared in the previous cue. The participants responded by pressing one of two keys: the left key if it had appeared and the right key if it had not. If the participant pressed the left key, a picture depicting the emotion that had appeared in the prompt message was displayed in a random position of the four positions. The subject was then required to answer whether the picture had been in this position; he or she pressed the left key if it had appeared and the right key if it had not. If the subjects selected the right button, the picture position assessment would be ignored, and an asterisk would appear. The subjects would then have 2 seconds of rest time before entering the next trial. The whole experiment was divided into three stages: memory encoding, memory retention, and memory retrieval. The memory encoding phase was the 10 seconds from presentation of the emotional picture information to its disappearance. The memory retention phase was the 5 seconds from disappearance of the prompt message to appearance of the target information (i.e., the presentation time of the four asterisks). The memory extraction phase was the duration from presentation of the target information to the subject's response.
Statistical analysis
Statistical analyses were conducted using SPSS software, version 21.0 (IBM Corp., Armonk, NY, USA). We employed a mixed-model repeated-measures analysis of variance with a 2 Â 3 factorial design (group: depressed, control; within-subject factor stimulus material: positive, neutral, negative) to assess the accuracy and response time of the picture and position WM. Between-group comparisons of age and years of education were performed using an independent-samples t-test, and between-group comparison of the sex distribution was performed using a chi-square test. Pair-wise intragroup comparisons of the three emotional picture types were performed using paired-samples t-tests, and the Bonferroni method was applied to conduct multiple-comparison corrections.
According to the Bonferroni correction principle, 33 if an experimenter is testing n independent hypotheses on a set of data, then the statistical significance level that should be used for each hypothesis separately is 1/n times what it would be if only one hypothesis were tested. For example, to test three independent hypotheses with the same data at the a ¼ 0.05 significance level, the probability of error for the three tests is 1 À (1 À a) n
Results
Demographic and clinical data analysis
A total of 52 subjects participated in the experiment: 26 patients with MDD and 26 HCs matched for age, sex, and years of education. The demographic and clinical data are shown in Table 1 . There were no significant differences in sex (chi-square test), age (independent-samples t-test), or education years (independent-samples t-test) between the MDD and HC groups. The MDD group had significantly higher BDI scores than the HC group. The paired t-test for intragroup comparisons showed the following. In the MDD 
Comparison of accuracy and reaction time of picture position WM between groups
The accuracy and reaction time of picture position WM in the MDD and HC groups are shown in Figure 3 .
Accuracy of picture position WM. 
Discussion
The main purpose of this study was to investigate the difference in WM ability between patients with MDD and HCs and determine whether the patients with MDD had a mood-congruent memory effect through emotional pictures and positions. Before beginning the study, we considered that if there were no significant differences in memory accuracy between the MDD and HC groups, then the encoding and retrieval functions of the patients with MDD were normal; however, if the reaction time was significantly longer in the MDD than HC group, then the retrieval function of patients with MDD was impaired. If the MDD group showed significantly lower memory accuracy than the HC group but no significant difference in the reaction time, then the encoding/maintenance function of patients with MDD was impaired. Finally, if the MDD group showed significantly lower memory accuracy and a significantly longer reaction time than the HC group, then both the encoding/maintenance and retrieval functions of the patients with MD were impaired.
First, with regard to the emotional picture WM, the results of this study showed no significant difference in memory accuracy between the MDD group and the HC group. Instead, only the WM response time of the MDD group was significantly longer than that of HC group, which was not exactly consistent with our first hypothesis (the picture WM of the MDD group was impaired). However, the results are consistent with those reported by Harvey et al. 7 and Rose and Ebmeier, 18 who used the n-back WM paradigm for word memory. Their studies showed that the memory accuracy was lower and the response time was significantly longer in patients with depression than in HCs. The difference in the results may be due to differences in the research purposes. Our study mainly investigated the effect of emotional WM, and we used emotional pictures as experimental materials. Our results suggest that the encoding/maintenance function of object WM in patients with MDD is normal but that the memory retrieval function is impaired.
Second, our findings of picture position WM showed that spatial WM impairment (which supports our first hypothesis and is also consistent with previous studies) and negative mood are typical characteristics of patients with depression. In 2003, Lavric et al. 19 used the word n-back WM task and spatial n-back WM task and found that negative emotion had no effect on the performance of the word memory task, whereas it affected the spatial WM. In 2005, Li et al. 20 also showed that negative emotion had no effect on the memory task; it only had an effect on the spatial WM, indicating that the spatial WM retention decreased. These studies suggest that negative mood affects spatial WM because both negative emotions and spatial WM have right-hemisphere dominance, and the functional overlap of the cerebral cortex causes them to interact with each other. 27 Weiland-Fiedler et al. 4 suggested that depression causes damage to the right hemisphere; thus, the spatial WM associated with the right hemisphere is more severely affected. Lavric et al. 19 considered that the influence of emotion on memory may not be characterized by regional competition in the cerebral cortex but by competition for attention resources. Spatial WM needs more attention resources than word memory, which results in impaired spatial WM. 19 Neuroimaging studies performed by Posner and Petersen 34 and Berryhill 35 showed that the posterior parietal cortex of the human brain is related to attention, episodic memory, and WM. Cabeza et al. 36 found that the posterior parietal cortex is composed of the dorsal parietal cortex (DPC) and ventral parietal cortex (VPC). The DPC is related to top-down cued memory retrieval, whereas the VPC is related to bottom-up non-cued memory retrieval; furthermore, DPC activity is related to the rapid response of cue extraction. 37 In our study of cued WM, the patients' DPC function might have been impaired or a functional connectivity disorder might have been present between the DPC and medial temporal lobe, leading to insufficient top-down attention resource allocation and significant prolongation of the spatial WM response time (memory retrieval time). However, one of the main symptoms of depression is persistent dysthymia, which is caused by unconscious automatic processing of negative events in patients with depression (rumination). This automatic extraction process is a bottom-up noncued memory extraction process that is related to the VPC. Although cued memory retrieval and non-cued memory retrieval involve different posterior parietal cortexes because of the lack of reasonable allocation of time resources in cognitive control, 38, 39 the attentional resources of cued memory retrieval are insufficient, thus significantly prolonging the spatial WM response time (memory retrieval time).
In our previous study, we examined the picture WM and picture position WM ability of patients with first-onset depression and untreated patients with mild depression, and we only found that the spatial WM reaction time of the patients with mild depression was significantly longer than that of the HC group; no other significant differences were found between patients with mild depression and HCs. 28 However, the present study not only showed that the picture WM was impaired in patients with MDD but also that the accuracy and response time of picture position WM in these patients were impaired. These findings may indicate that WM impairment is associated with depressive symptoms.
Additionally, for both picture WM and picture position WM, the negative WM accuracy was significantly higher than the positive WM accuracy in the MDD group, suggesting that patients with MDD have a mood-congruent memory effect; this is consistent with our second hypothesis. This result is also consistent with our previous findings on patients with mild depression, 28 which may indicate that the moodcongruent memory effect is a typical feature of depression.
Evaluation of different WM (object and spatial) can objectively reflect the characteristics of WM impairment in patients with depression. The encoding/maintenance phase of WM directly affects the accuracy of the test. If the memory encoding/maintenance function is impaired, patients show lower accuracy. The retrieval function of WM can directly affect patients' response time. If the memory retrieval function is impaired, the memory retrieval ability will decrease and the patients will have a longer response time. The results of this study showed that the accuracy of picture WM was not significantly different between the MDD and HC groups, suggesting that the encoding/maintenance function of the object WM of patients with MDD is not impaired. However, the picture memory response time of the MDD group was significantly longer than that of the HC group, indicating that the memory retrieval function of the MDD group was impaired; this leads to impairment of memory retrieval ability. The WM accuracy was significantly lower and the reaction time was significantly longer in the MDD than HC group, which may indicate that the encoding/ maintenance and the memory retrieval functions of spatial WM are impaired in patients with MDD.
In conclusion, this study showed that the accuracy of object and spatial WM accuracy differed between the MDD and HC groups. However, the response time of both object and spatial WM were significantly longer in the MDD than HC group, which may be an important cause of the slow thought in patients with MDD. The limitations of this study are mainly due to its cross-sectional design, which may influence the explanation of causation.
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